Abstract.-High frequency ultrasonic measurements were ~erformed in gamma irradiated natural quartz at 1.2 9 at frequencies down to 20 m z as a function of applied power. The two-level systems resonant attenuation shows saturation effects which decrease notably at frequencies below 200 MHz. These results are consistent with a decreasinq density of states at frequencies close to A , .
A consequence of the tunnelinq =ode1 of TLS in amorphous and disordered solids is the existence of a gap in the density of states n(~) for enerqy splittincrs E = smaller than the tunnel splittin? A , .
Among the observable effects of this prediction would he a departure of the low tenverature specific heat from linearitv in T and a rapid decrease of the resonant ultrasonic attenuation for frequencies w such that &u<A, /1,2/. For TLS in crystalline matrices one expects A to be single valued or, for small amounts of local disorder, narrowlv distributed so that the cliange in these gro?erties would take place in a shorter tenyerature (frequencq) range than for glassy TLS. In this work we report the disappearance of the resonant ultrasonic attenuation of qamma irradiated Brazilian quartz for frequencies below 140 .Wz in accordance with the existence of a gap in the density of states.
The intensity dependence of the resonant ultrasonic attenuation of shear waves along the AC-axis of crystals irradiated to 1.5 x 10 6
Rads was neasured in a non-resonant sample holder bathed by He pumped to 1.2 K. Typical acoustic intensities varied from 20 mT/cm 2 2 to 5 pW/cm . An ultrasonic pulse length T of 1 microsecond was P used throuahout. The attenuation coefficient was determined from pulse-echoes separated bv several hundred microseconds. ?he output of the video detector was averaged bv means of a transient recorder coupled to a multichannel analyzer.
The experimental results show a frequency independent resonant attenuation above 200 . W z followed by a drastic reduction of a for frequencies below about 170 ,Wz.
The magnitude of the attenuation at
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981631 above t h e e x p e r i m e n t a l a c c u r a c y (5 x dEi/usec.) and u n d e t e c ta b l e below t h i s f r e q u e n c y ( F i g . 11 .
Ve a l s o f i n d a f r e q u e n c y independ e n t c r i t i c a l i n t e n s i t y Jc o f a b o u t 35Sb below a r e f e r e n c e 2 a c o u s t i c i n t e n s i t y o f 200 mJ/cm .
l s s u m i n g s t e a d y s t a t e cond i t i o n s a t low f r e o u e n c i e s
(%a<< 2kT) t h e a t t e n u a t i o n coeff i c i e n t o f t h e u n s a t u r a t e d reso n a n t a b s o r p t i o n i s q i v e n by:
.rrn(E) ( y t h , ) -Tiw,Ao 25pv;kT a= (1)
-&<Ao F o r e n e r q v s p l i t t i n g s g r e a t e r ACOUSTK INTENSITY J [dB1 (Ode = 20rnw/crnP)
t h a n A, a c o n s t a n t d e n s i t y o f s t a t e s no d e s c r i b e s w e l l t h e s e and p r e v i o u s l y r e n a r t e d r e s u l t s P : I n t e n s i t y dependence o f e r e l a t i v e r e s o n a n t a t t e n u a t i o n 3 F o r e n e r g v s n l i t t i n g s i n t h e in quartzinset shows o f A,, assumefi h e r e t h e f r e q u e n c y dependence o f t h e maximum a t t e n u a t i o n change. t o b e s i n g l e v a l u e d , t h e d e c r e a s e Curves a r e o n l y v i s u a l a i d s .
o b s e r v e d i n t h e u n s a t u r a t e d a b s o r p t i o n (J<Jc) t a k e s p l a c e i n a frequent!? r a n g e comparable t o t h e -1 inhomogeneous l i n e w i d t h T2 .
I n t h e i n s e t o f F i q . 1, we h a v e p l o t t e d t h e f r e q u e n c y dependence of t h e maximum r e s o n a n t a t t e n u a t i o n . The wid.th o f -t h e t r a n s i t i o n i s a b o u t 50 ~J F I z . From t h i s c u r v e we e s t i m a t e A, and T2 t o be 130 MHz (0.5 peV) and 3 n s e c s . , r e s p e c t i v e l y . T a k i n g f o r no t h e s p e c i f i c 32 -1 h e a t v a l u e ( 6 x 10 e r g . cm3) we f i n d from Eq. (1) yt -0.14 eV which is 20 t i m e s s m a l l e r t h a n t h a t r e p o r t e d f o r q u a r t z g l a s s /4/ and I n summary, by s t u d y i n g t h e f r e q u e n c y dependence o f t h e r e s o n a n t u l t r a s o n i c a t t e n u a t i o n d u e t o TLS i n snok!? q u a r t z we h a v e e s t a b l i s h e d
